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ABSTRACT -

The heart rate (HR) response to five intgnsities of sound

“was examined in 18 s_ubjects and to five ihtensi"cies of light

in 12 subjects. lE-“.ach subject wa’s‘tested on four occésions

at monthly inter;vals. After covar*ianée adjustment, signi-
ficant acceleration to sound was found Within the first 5 beats
aﬂ:ef stimulus onset but no significant deceleration oCcur‘r‘ed..
There were no differences between testings. Individ_uals‘ HR
acceleration was reliable over testings and diﬁ’ering experi- |
rﬁentai céhﬁe*ts. No habituation occurr-ec! and no_consistent
' relationship between HR response and ego strength was found.
Ther‘e was ho significant HR responsé to light étimulation.
The hes,ults were discussed in relation to Graham éﬁd Clifton's
(1966) ‘hypotheses concehning the Pelatioﬁship of the HR res-

ponse to the orienting'reﬂex (OR).

DESCGRIPTORS: Heart rate, Sound stimulation, Light stimu=-

lation, OR,V Peﬁsonal‘ity,‘ Habituation. (R: Roessler)




Heart Rate Responscs to Sound and Light

Robert Roessler, Forrest Colling and Neil R, Burch

A number of recent studies have f’ociuséd upon the 
direction of héart rate (HR)V r‘esponse’to various types
of stimulation. Muc;h of this research appears to have
| .beervwv stimulated by the pr*bvocative hypothesis of the
- Laceys (Lacey, K'agan, Lacey & Moss,’ 1963) fhat
sti‘muli which evoke étte.ntion to the‘ environment induce
cardiéc_ deceleration while those evkokving "bejection of
the environment" induce ééceleration. FObr'ist (1963)
has confirmed the Laceys' findings. | |

Consider\able controversy has ahisen regarding the
~nature of the HR response, howéver, and apparently
contradictory results have been obtained in var‘ioué
exberiments..' Campos and Johnson, for ekample, have
,‘:chal‘lenged the l_aceys' Bypot}wesis and r‘e‘sults.in‘ two _
recent §tudies (1966, 19675. fhey concluded ‘t}.')at instruc-
tions to verbalize produce acceleration in response to av .
: ;va‘r‘iety of stimuli, while the absence of suéh a r‘ej.quire~
ment with‘ the'sayme stimuli resulfed in MR deceleration. .
' ‘Weine‘r* (1962) had previously emphasizéd the acceler'avtion
effects of the verbalization requirement. |

In an earlier experiment (F;\’oessler;., 'Aiexander* and

- Greenfield, ‘1l9,68), tho degroe of )-ler*esponso to sound
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wa:% related to the ego str‘ength personality dimension,
althbuglw not signif’icantly‘so. In that éxperiment |
verbalization was réquir‘ed. The HR data from the
present experiment, in which verbalization was not
required, were also examined for a possible relation-
ship t.o ego strength.

Graham and Clifton (1966) have reviewed the studies

through 1965 which are relevant to the HR increase~

- decrease controversy.  They refer to additional prob- -

lems which have complica(ted the interpretation of such

experiments. One is the use of complex stimulus

situations, the many parameters of which make it

difficult to ascribe differences to the effect of any one
of these parameters. [n this experiment ‘onliy simple'
quantified stimuli were employed.

Another problem which makes comparison among

experiments difficult is the scoring of the HR response.

Campos and Johnson used averages of HR scored every

15 seconds for one mi_nuté pre-and post-stimulus; Lang
and Hnatiow :1962) used the difference between the

fastest rate in the FirSt five beats after stimulus onset

and the slowest.in the next fifteen beats; Johhson vand_

Lubin (1966) used a similar but modified score;
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Dykman's group {(Galbrecht & Dykmah, 1965) used the

- fastest rate m the five seconds preceding stimulus

. onset subtracted from the fastest rate during a five

second stimulus; other investigators have used a wide
variety of scores. Obviously, there might be consi-
derable divergence in results depending upon what

score was used, In this experiment, therefore, there

~ was a further examination of the beat-by-beat HR response

to s'timulation and a comparison of four scores derived
frjom this examination.

It is of particular intehest, in view éf the acceler*atipri*
deceleration controx)ersy, that some 6f the ihv'estigator‘s' ‘
employing beat-by-beat analyses _héve found both éccele-—
rative and decelerative p‘hases in HR responses to the same

stimulus (Uno and Grings, 1965; Lang and Hnatiow, 1962;

- Geer, 1964; Myers and Gulliékson, 1967). Discussing
‘ : such experiments, Graham. and Clifton suggest that the

‘decelerative component of the HR response to simple, non-

signal, stimuli is the orienting component (OR) and that the
accelerative component is the defense response.  They

therefore hypothesized that: 1) The dec':ele‘rfation cqmponént

will habituate over"trials; 2) higher intensities of stimula~

tion will evoke accelaration (a defense response) but little,

if any, deceleration, and 3) the accelerative component
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will increase over trials., In avsubsequent experiment
(éhase and Graham, 1967), only decelerqtion occurr*éd
to both onset émd offset of 18 seccond tones and thté
réspbnse did. indeed habituate r*apvidl‘y. - Higher inténsiw
ties of stimulation did not evéke acceleration but the
Highest intensity was only 87 dgcibels (db) presented
over a 7t db backgroumd‘.of white noise. A wider* range -
of stimulus intensities was employed in this study.

Many of the studies showing accelehativé HR res- - o

“ponses have employed auditory stimuli; It is possible,

as Graham and Clifton point out; that this type of e B o,
response is modality specific. They noted that the only
two studies they found in which other sensory modalities

were stimulated failed to show significant acceleratory

. effects. F-'d_r this reason, HR responses to Iight stimu1a~'

tion were also studied in this experiment.

“We have been unable to find any study in the literature

“in which the questions already noted have been examined

-over time and Pepeated’testings under different conditions.

It seems pla}usi{‘)le that some of the results obtained a.re -
altributable to novelty aﬁd unfamili‘ar*.ity effects or to
unquantified variabl'es in the total ’,life situation.‘v- In.ad-
dition, the question oF,withir’i subject 'réliability is_'ovf

interest.




The foregoing issues were examined in the data from the ‘

experiment reported here, in which the subjects (Ss) were -

stimulated with five intensities of sound and five intensities

- of light on four occasions. There was no.task requirement

except to pé\y close attention.
METHOD

A detailed description of the method employed in this

experiment is contained in Roessler, Burch and Childers

(1966). © Only a summary will be provided here.

Ss were 52 male medical and de;ntal sfudent paid volun- |
teer*é between the‘ag';es of 21 and 34. From arhcjng the 32 Ss,
18 Ss were seiected for analysis of their HR r‘espbnses to '
.séund stimulatjon and 12I Ss were selected for éna‘iysis_ of-;

HR responses to light stimulation. Reétrictions on the selec-—-.
tion of Ss for analysis of tﬁe HR data within stimulus modalitieé;
wer*é ‘(1') ‘eéch S hadl‘ to have HR data on each offour testingé '
«:ruhé); and (2) within modalities,: Ss were divided into equal
numbers of high ahd low ego éstrength Ss, based.t.,lpon the%r*. |
égo strength. QES) scores from the. MMPI (Dahistr*orh and

Welsh, 1960) and (8>) Es groups cbhtéined‘equal numbérs of
alert and dr-oyvsy Ss within r'*uhs. Thvese seiective criteria
substantially Preduced the numbaer of sub jcdts availabllel for

comparison, espccially in the analysis of HIR responses to
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light stimulation, when many Ss be‘came dr*owvs*y.
Ss wer;e tested on four occasions at monthly inter‘vals,‘
January through Apr*il‘, The January tesmng was ‘é. condition
of unfamiliarity, the ‘Febr‘u_ar*‘y testing a basal one, the March
| testiné a condition of real life stress (all Ss were»testéd with-
i.n‘ 10 days‘of their cbmpreheﬁsiv'e examinations), and the April -
- testing was another_b_asal one.. Ss were told‘ pr*ior'.t'o the ﬁr*stl |
testiné £hat.we were {nterested in their physiologicva‘l fesponF-
~ses to var*iéus intensiﬁeé of sound and -li'gh’ci,' that no pain |
would pe -iﬁvolved, and that each subséquent tes'ting‘would be
‘id.e‘ntical to the first. ."Fhey were instructed to keep their eyes
closé;d throughout thg experiment and to pay close attention tq
. the lights and‘ sounds because they would be asked questions .
concernihg vthem af’ter‘ leaving the labobétory;
After ﬁve‘mih.utes 61’ resting data V\)asl recorded, Ss were
: preseﬁted with.f’i‘\‘/e differént intensities of 1,000 cps sound
i (40, 94, 100, 106 and 120 db) and, 'separ*ately,- five intensities |
of white light (24.7, 58, 61. 7, 65.5 and 74 db). Each stimulus
‘was of 2 secsi. .dufation. Pi-~esentétion of all sfimu"li waé |
programmed to coincide with the onsé‘c'of’ '1‘O—second ehochs
émd order of ‘pres';entation of stimulus modalities was balance.é_!
within an‘d across t‘esltihgs‘ - Each of the five stimulus intensi~
ties wés br‘-esgnted 5 timcs; Within each\vmodaixlitry, stimulus

Cintonsity wcu‘-:‘ balanced so that each stinualue wass préasented
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| once in each of FiQe blocks of five trinls, and so that
. - each of five inteﬁ—stimulus inter‘v_als was associated
with each intensity only once in the total 25 stimulus
presentétions. Tht;*oughout the e*pehiments, the S
lay duietly on a bed with head positioned so that the
light was reflected directly on his eves.. Auditqr*y
stirhulafion was deliQered through earphones.

. The electrocardiogram (EKG) was recorded from'
the standard EKG lead II ‘pqsitAionv, using 2.0 cr‘vn2
- silver-silver electrodes) and commerci‘al Redusx
paste. ‘Recording‘was at a paper speed 'of’ 30 mm.,
“per sSec, on one chénnel of an 8~chéhnel Grass poly-
~ graph, Model SD The R~R periods were hand ~
scored to the nearest.O.S mm. for two pre—stimulQ$ -
:vbbeats and all of ‘the‘ beats in the’ 10 secs.l- f.’ollowin’g
c‘mé.e’t of all stimuli. All periodé were then ”corjver*.ted
to beats/mihUte (bprﬁ); |

, F—“ollowihg fhe first run all Sé wer‘e {ntehviewed
to elicit data on degr‘eé of fatigue, inter‘cur*r‘énf life
'st;.ress,,dr*ug'ingesu‘;ion énd su‘zbjective reactiQn to the.,
' ex.peribnent.‘ They were also asked questions coﬁ~.‘
ceming 'tﬁg stimuli‘sucﬁ as ""How many intensities ofr’"
sound were prese‘nted»:?" in later runs tHis data was

obtained by questionaire.
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RESULTS

P v

Figure 1 shows the across Ss meah. beat-by-beat HR
 response for each stimulus ihtensi‘ty in eaclh stimulué
modality during the February testing. Mean values for
beats after 10 have been omitted because sucH means
reflect only the values of those Ss with faster initial HR.
Thése cuﬁves are typical of all four testings and alsd
typiéal of the single rvﬂespons‘es of indivi'd.ual Ss, althoggh
fhe latter are mér*e variable. The diﬁhasic nature of the
HR response to sound stimulation is ‘appar*ent, with.
maxirf\al acceleration occurring prior to beat 5 and maximal
deceler‘étion prior to beat 10. Generally, the degree of
: aCéelehatiqn and deceléﬁation to sound was also directly
related to intensity.  Although there was."a .tendency‘ toward -
acceleration of HR to light, it was less than half that to
sound Was of vlonger‘ _Iaténcy and was not related to i‘n‘ten-
sity. The decrease in HR to ‘light‘did not Fail b_elovy pr‘*e-—k
stimulus levels nor was it related to intensity. Ihter*pr‘e; '
tation olf this‘appar‘ent laék oftre‘sponse to light_ié not. clear,
however, As pr‘_eviously noted, Graham and Clifton sug—
gested that the decelerative phase. maS/ habitu‘ate r*apidly;
"~ this may,a-lso.be. tr-uéof the accelefative phasc;. It is pos—

sible therefore, since Fig. 1 shows mean values across all




trials, carly and lale, that carly trials show significant
_responges and later trials do not bécetusc of hdbitLlétiOn.
These pdssibivlitic‘as, and thé additiohal WL estions‘

‘posed in the introduction, were therefore appr*oéchcd in

- the following manner.  Five HR means weré cémputed

for each‘epc}'ch of stimulation for both stimulus modalities: -
1) mean of the two beats pr*ior* to stimulation,: 2) mee'uj

of the two fastest beats of the first five post-stimulus

’

beats, 3) m’eén of the two slowest of beats 6, 7, 8 and 9,
4) méan of the two Fé\stest of all beats in thé 10 se.cl‘ post—
stimulus epoch, »and 5) the difference betWeen the values
- of means 2 aﬁd 3 above. Mean 4 was corhputed because it

v. was the score used in a very.similalm earlier experiment
Eequir‘ing verbalization, ‘Roessler, AleXandér and Ghéenfiel.d', .

1968).', Mean 5' was computed because Geer (1964) suggested

“that it is the "most sensitive measure of cardiac response

" and because it is similar to the Lang and Hnatiow (1962) score.

Type VI thr*oo way. (EEs groups, intensity anc‘i subsequence) ‘
analyées of variance for repccixted measurfes‘ (L_ivndg‘quisé:, 1953)
cm meaﬁs 2, 38, 4iand 5 above were computed within teétiﬁgs
(runs)’for both 'sound and ‘li‘ght‘! ,Par*alléi analyses of co;- |

variance for repeated measures were also computed, using
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~mean 1 as t‘hé. covariant, thereby froeing post~stiMulus’
| ‘r_qtes of an‘yp.r*eustimum.s cffects.  Among the ahaiyses
of vanﬂia{nco'ot’ the MR to light ,b 6’n1y twé of the subsequence
(habituation) térms ‘(runs 1 .and 4) for mean éwere sig-
‘nificant and these were not significant after covar*iémce |
adjus‘tment.' There wére no significant intensity effects.
‘;_l“he only other significant term in -the.statisf_:_ical ahaiysis
of." the HR reéponse to l'ight was the subsequence'x -
intensity inter‘actionl on the cc)\‘zari‘ar.\ce_analysis of run 4.
A plot of th{s significant term showed no systematic di‘f"-f
ferential habituation éﬂ’ec’cs, the signif’icancé Qi" the interj-—; o
action being .due to a great deal ‘ofvc.r*oss;—over- among |
iﬁténsities. | |

We chcIude 'thavt,_ not only is‘t\h}e‘ ac_:'celer'ative‘r‘esponse
" to blight absent, a# Gr*éham and Cliffton su‘ggested it might be,
but so.’too is any coﬁsistent ‘deceleration. Méfeoyér, the .
absence of these r’*esponses' is not due to répi.d hébituation.
Nor does it appear; likely that the Felgtive unresponsivenessx
. Q;’ HR to .light stimula’cicbml isvrelated‘to lower intensities ‘ovfw :
stimulation cobmpa/r-ed.to sound. Th‘e lowest ihtensities of
sour;td inducéd gr*éater* HR r\esp‘onse‘thar;\ the highest l‘ight.;'
- intensitiés. We é:onc:lqdé that thvsns an inste‘myc.cla‘of‘ -

AN .

stimulus spetificity,  Light is not an effective stimulus
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to HR, at least in this experimental design. There will be

no further presentation of the results of’bthe.ahalysis of HR | !
‘responscs to light, therefore. | -. _ ' a . : ‘ .

The analysis of t‘hé HR r‘espovnse to sound within runs |

revealed that mean 3 (the";?écelerator‘y mean) showed no.

significant intensity effects and only onevsigniﬁcant term,

.‘the subsequence x intensity covariance ihterac’tion gp <

. 05) on run 2. Table 1 shows the adjusted mean Qalueé

for this interac;tion on allvruns.‘ The absence of any

consistentl trend toward differential habituation among bin =

tensities‘of stimulation is clear. A four-way (Es groups,

intensity, subsequence and runs) analysis of variance
- showed a significant difference in deéeleratioﬁ between

runs ® <.05). Howe.ver‘,‘ this difference disappeared with

covariance adjustment for differences in initial levels. Ih

the data of these experiments, then ,. tﬁere was ho‘signifi—
"can"c deceleration despite the apparent deceler‘étion evident

‘in Figure 1. . Nor is there any trend toward greéter‘ habitua— =

.tiohléf decelef*ation _to stimuli of hi‘gher‘ _int‘éhsity, as; Gr\aham

and Cliﬁon hypotheéized. there wouid'bé if déceleration is an

OR that is répladed by acceleration (a defense response).

.

The.ahalysis of variance and covariance of means 2, 4

" and 5 revealed 4 and 5 to be almost entirely redundant of
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mean 2. Mean 2 showed the gfeatest consistency in 519-
nificant terms within and across runs.  The procedure
- for selection of the values in meéan 4 in most instancés
selected the same values as those in mean 2. Mean 5
in the absence of .a.signiﬁcant .‘dece‘leratioﬁ,v éssumed a
value dependent alﬁﬁost elntir*ely on the acceleratory com-
ponent best rebresented by mean 2. In this experimernit, '
thérefor‘e, the difference between acceleration and de-
celeratioh was not "the most éensitive m’ea‘sur‘;e of cardiac |
respbnse" as Géer* (f964) ’reported. For these reasons
énly the analysis of‘ mean 2 will be presented irj aiscuSSing_ "
the‘ HR acceleﬁatory régpénse to sound.

‘In every run, both the énalyseé of \)arianée and co-
variance inten‘sity terms were highly significant (p < ..001.),
- for mean 2. The.r‘eason is évident fromFiguhe 2, where cé——
| variance adjusted values for i.ntenéity ‘eﬂ’éctis .;r‘e presented
for bot h sound and light.  The generally monotonic accele‘r‘a—-
tory r*espons‘e to sound in relation to intensity is evident
in every run and cOnFirmg the results of ROes‘sle‘r“‘,‘Alexandeh; ‘
and Green;’ield (1963). Thé fouh-Way'énalysis of variance
aéros_é ruﬁs ﬁévealed a‘.significant runs diﬁ’czr‘ence D < . 05).
- This was entirely attributable to differences in vprc-5’;timulus

values; the runs term was not significant in tho analysis of
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covariance across runs and nonc of the runs infer‘action
terms was significant. There was therefore no significant
difference in HIIR nes;pongivity a‘ttr*ibutabllé,'to diff’ereﬁces

| in experimental context, altﬁougﬁ 'th‘e Sbmewhat higher
levels on r*uhs 1 and 3 dre s(;lggesti‘ve of highér levels

under conditions of unfamiliarity and real Iife'stress."

- None of the} subsequence (habituation)terms Wer'é si‘g-—
nificant. Flowever , the covariance intenéity X Subgsequelnce‘v
{nteraction terms were significant in every runv P <.05 -

- 001). The adjusted values are shéwn in Table 2. The |
‘vacc':e_lerative'cofnponeht did not habituate, é result in agr’*ee-'-_‘
r-nent.with_that:of Geer (1964) and also with Graham and |
Qliﬁ:bn's inte’rp‘retation that phaéic écdeleration is‘ a’

- ‘ >'t?:omp"~onent 6f the "defense reflex" » rather than a part of
~the orienting réspons’e. However, the éigniﬁcance of this
interaction of vintensi't"y with subsequence Qas not attributable ;
| to lesser habitt;;ation of higher intensities or an iéncr*gase in“
,aCCeIerati‘on i';w later subsequences. S

There was only one signif’ican_t accelerative ter*m.‘
invoWiﬁg Es,. thé‘ahalysis‘of‘..‘ éé,vér*iance Es ‘,gbr‘o}upé‘x"
subsesjuence. interaction on ‘v'run 4; <. 05).  A plof qf this
ihteracfion showed gkéater‘a“c‘c‘:_‘elerationnih the high E.‘.s

group but no consistent difference between groups in -
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habituati&n. Plots of this interaction for the first thr*ee

runs showed no consistent differences between Es groups.

Possible reasons for this absence of cohsisﬁ_ent differences

| m relation to s will be discussed below. | | |

Fiﬁally,' the question of reliability over testings is of

inter*es.t. : Héw consisten£ is the HR accelerative response
to sound of individual Ss over runs? This :qvuesti'on.was‘
éhswer*ed by calchating Kendall's .coefﬁlcient of concor-

“ dance (Sie‘gel,‘ 1956).‘, W was . 778 "(p < ;001)3 individu;avls‘
are hi-ghly consistent over time and life contexts.

 DISCUSSION

A number of methodélogicél issues are of importance
in intér‘preting the Foregojng r:esul'ts'., The first of f.:hese
is the effect of verbalization. | In this ex'pébiment, in which
no immediate verbalization was requir‘ed,. the rénge of HR
avcceller‘at'ion in r‘elationvto theb intensity of sound stimu‘latién 2
wés from one-half to tw§ thirds (2-4 bpm) of that in‘thev ear—
lier similar experiment of Roessler et g_1_, in Which immediatg
verbalization was required.- 'The Eequiremen‘t to verbalize
does ihéreése Vth'e amount of acceleration, 'tbher"efor*e. How~ :
ever, a significant degree of' aAc.cele'r"atio_n remains and-
there is no signivfic:an‘t deceleration m the absence of the | |

verbalization indtruction, as Campos and Johnson reported,
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The Canpos and Johnson score, as previqusly noted, |
was based on meahé of & beats every fif’teenbseconds
during and following stimulation. Obviously, such a
score is not comparable to any of the scores used ih
this experiment, in which the epoch of change was only
10 geconds. ‘ Sihce the scores are not directly com-
parable no conclusive comparison can be made. By‘f

the same token, however, Campos and Johnson cannot -

~ conclude that their results refute the L_acéys' hyp'othesis.

because the lattevr investigators also focused upon the
changes oc.:cu.rring i'ﬁ_br‘iefeh epochs. -

Our failur‘e‘ fo confirm the infceﬁésting hypotheses of
Graham and Clifton concerning the nature of fhe OR and
'dgfense r*esponée of HR may also be related to method, |

’

In retrospect, it seems to us that the conditions of this

-experiment were such as to optimize defense responses

(acceleration) and minimize the OR component (decele~
r*ati'on)._ Ihterview énd questionaire data ’r‘evealed that
many Ss found the higher intensities of sti‘mulation to be
distressing, particularly in the early runs. Since the
ordet of sti.mulus intensities and the intervals bet‘ween
stimuli were pr*obablydi!‘(’icult or imposéible ﬁo antici;

pate accvur‘atcly, the total pusychophysiological "stance!
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. of the Ss was probably defensive and their HR Eesponse
was therefore one of acceteration to all stimuli. - On the
other hand, one“mi_ght argue that the constantly changihg
intér{sity"of stimulation should evoke the QR response. |

Al of the‘s‘e possibilities are con_jeétural, of course. A
more definitive test of Graham .and Clifton's hypotlweses
wou_'ld be a design in which one intensity of stimulation ,
was continued until habituation, folloWed successively
by a wide f‘ange of stimulus intensities; éaéﬁ habi'cu_atéd :
separately. .Meye‘r‘s and Gullickson (1967) did obtain
results more congbuent wjth the Graham and Clifton
hypothese.é whén they empléyed a design sémewhat like

_the procedure suggested; The result‘s of this ekpériment,

| then, whiié not supporting the Graham and Clifton hypothe-‘—(
ées; dc not convincingly refute them. |

Othér metv:ho,dologi'c;al problemé rélate to thei boésibﬁe
effec}ts of initial values, level of cohsciusneés, respir‘ation
and rise time 6f’ stvimuli‘T It is clear from our parallel |
analyses of variance and covariancc:v“that initial value ef-
f’ec;ts do occur and should be taken into account if e‘r‘r‘*oneo.uls

‘conclusions are to be avoided. Benjamin (1967) has

| pr;ovided an ex'cvellcnt discussic;n of thé applications aﬁd ‘
vintevr*pﬁe.tive imp.llibatior‘\s of covariance anélysis in psy=

chophysiology. Surprisingly, many of the expcriments in
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which HR deceleration - acceler‘atioﬁ was studied did not
employ cova?*iémce adjustment. A related problem is one'
rééently defined by Schachter and his group (\Nil‘liams,.' ‘
Schachter; andTob&ﬁ, 1967), the slope of the pr-e.—-stimulus‘
HR, | -l.e., Whethcr* rate is decreasing or incr‘*easl’ir.\g at

. stimulus onset.  No ,dqta on the po‘ssi‘ble effects of this
“variable is availvablye' in this experiment but, in yiew of
the'numeﬁous stimulus pr‘e;sentations, it séems unlbikely‘ _ ._
‘to haVe affected our r*esult‘s.‘

McDonéld, Johnson and Hord ‘(1964) reported that
r*espohs_e levels of HR éf drowsy Ss were greaf:er- thaﬁ
alert Ss and that drowsy Ss ihcr‘eased_ their HR over
trials. Since we bala‘ncéd our Ss for alert-drowsy |
cla‘xssiAﬁcation \;vithih runs, it is unlikely that this ‘vabr‘iable
affected our t*esultsl witﬁin runs.. However, sincé there’
were more dro'wsy Ss'in later runs, it 'c_ould‘ haQe affected
‘ between r*uns'éompérisohs. Wé think t.his unlikely because
" the covariance adjusted scores in later runs were actually‘
lower (Cf. Figure 2). | |

Respira:on data was r‘eccmded‘ aﬁd analyzed in this
exper*imen‘t and the results will be presented ‘els'ewh.ere.
.Thehe'was no relationship to the résults tfeborted here
for HR. | |

A very short rise time following stimulus onset could
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evoke a HR startle response of an acceleratory type.

In this experiment the rise time of the auditory stirhuli .

- was less than 1 millisccond; that of the visual stimuli .
was less than 5 ms. Rise time might therefore be

related to the difference between the degr‘ee. of HR

acceleration to light and sound. This seems unlikely " -

because 5 ms. is still a very brief rise time. .Thesé
brief .Pise tinwes might be r*élated to the domi‘nan'cé of
acceleration and the absence of significant decelération
in Soth modalities, howeve;f.

The absence of any consiétent relationship between

HR and Es is concordant with the results of Hodges and

Spielberger (1966), who found no relationship between

manifest anxiety and HR response to threat of shock,

Anxiety is usually inversely correlated with Es, and

directly, but not always, related to physiological res- .

ponsivity (F"haehlér* and Roessler, 1965j Roessler,

Burch and Mefferd, 1967). However, Hein, Cohen and’

Shmavonian (1966) found differences betWéenfielde "
dependent and field-independent .Ss. Thié personality
var;ilable is théor‘etically related to: ego strength. | The
| possibility Eemains that stimuli which ev’éke a‘g‘r*eatler‘
range of P—ilf-”\’ r‘espo‘ri,Sej»than the rahg“e obtained in ,this

’ exper’*imeht would show differences related to Es.
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FOOTNOTES

1. Copies of the summary tables of the emaiyses of variance
and covariance are available from the first author on

r'*equest.




LEGENDS FOR FIGURES

Figure 1. Beat-by-beat pattern of the heart rate response to 5

‘intensities of sound and light. Each data point is the mean

_ for éll szjects. thé the definite accéleration to squhd
occurring in the first § beats, mdw
Ansblae-flrest-tepeatas the dece‘léhation 0ccur~ing‘between'
beats 5-10 and the lack of consistent pattern of response

to light. Rates are unadjusted. (See 'cext;'fon explanation

and for intensities in db. )

Figure 2. - Heart rate lacceleration to 5 intensities of sound
and light on ‘FcSur ‘occasions.. Note the gener‘ally‘ m_onov—‘
tonic r*elationsﬁip between sognd stimulus intensity an}d
heart rate and the lack of‘ Peiationship to. intensity for
light. Note also the decreasiné level of heart rate ‘o'\F/e"r' -

‘

repeated testingé.
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